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Abstract: The main objective of this study was to examine the relationship between the level of physical
activity (PA) and the degree of obesity with health-related quality of life (HRQoL) in individuals with
metabolic syndrome (MetS) who participated in the Predimed-Plus study. A total of 6875 subjects
between 55 and 75 years of age with MetS were selected and randomized in 23 Spanish centers.
Subjects were classified according to categories of body mass index (BMI). PA was measured with the
validated Registre Gironí del Cor (REGICOR) questionnaire and subjects were classified according to
their PA level (light, moderate, vigorous) and the HRQoL was measured with the validated short-form
36 (SF-36) questionnaire. By using the ANOVA model, we found a positive and statistically significant
association between the level of PA and the HRQoL (aggregated physical and mental dimensions
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p < 0.001), but a negative association with higher BMI in aggregated physical dimensions p < 0.001.
Furthermore, women obtained lower scores compared with men, more five points in all fields of SF-36.
Therefore, it is essential to promote PA and body weight control from primary care consultations to
improve HRQoL, paying special attention to the differences that sex incurs.
Keywords: health-related quality of life; physical activity; obesity; body mass index; metabolic syndrome
1. Introduction
According to the World Obesity Federation, obesity is a chronic, recurring disease, considered to
be the epidemic of the 21st century, due to its increase in recent decades [1]. More than 1.5 trillion adults
worldwide are overweight and 500 million of who suffer from obesity [2,3]. These figures have doubled
since 1980 and currently almost three million deaths per year are attributed to excess weight, a trend
that indicates overweight and obesity will cause more deaths worldwide than malnutrition [4,5].
Overweight/obesity and excess visceral fat in particular, represent a higher risk of morbidity
and mortality [6,7]. It is also associated with diseases like type two diabetes, high blood pressure,
dyslipidemia, cardiovascular diseases, sleep apnea [7–9], some types of cancer [10] and increased social
stigma [11]. In addition to diseases being associated with obesity, a major obstacle to physical activity
for adults with obesity, are impairments in movement and walking [12,13]. The epidemiological model
of obesity describes diet as the main causative agent of excess weight and scarce physical activity
(PA) as the second main driver [1,14]. Fast food, including consumption of ultraproccessed foods,
is currently replacing traditional diet and the percentage of people who exercise regularly in their spare
time is continuously decreasing and becomes even less frequent with age. In Spain, 12.4% of people
between 45%–64% and 5.9% of people 65 years and older [15] exercise regularly. As such, obesity and
lack of PA seem to have a negative effect on health-related quality of life (HRQoL) [16,17].
According to the World Health Organization’s (WHO) definition, we can associate HRQoL with the
impact a disease has on our perception of happiness, position in life and on our physical, psychological,
social and spiritual well-being [18]. Evidence suggests that doing 150 to 300 min of moderate PA per
week and following the Mediterranean diet provide considerable benefits in maintaining health, healing
and in HRQoL [17,19–24]. Overweight/obesity are the main determinants of metabolic syndrome
(MetS) and there are increasing numbers of studies that use HRQoL in individuals with MetS, since it
is considered a strong predictor of disability and long-term mortality [25–27].
Therefore, the main objective of our study is to evaluate whether higher body mass index (BMI)
and doing PA are cross-sectionally associated with a better HRQoL in the participants of the multicenter
randomized primary prevention trial Predimed-Plus. The final objective is to be able to incorporate
strategies that improve the population’s HRQoL, since professionals at the primary care level are in a
position to stimulate, reinforce, teach and facilitate healthy habits in patients.
2. Materials and Methods
2.1. Study Design
A cross-sectional descriptive analysis was carried out with the participants in the Predimed-Plus
study, a multicenter randomized trial, in which a total of 23 Spanish centers participated. The aim was
to evaluate the effect of an intensive intervention with a hypocaloric Mediterranean diet associated
with physical exercise and behavioral therapy compared to a control group that received a traditional
Mediterranean diet for primary prevention of cardiovascular diseases in Spain. The protocol can be
found at https://www.predimedplus.com/ [28] and the study design was described elsewhere [29,30].
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2.2. Ethical Considerations
This trial was approved by the Institutional Review Boards of all recruitment centers where the
study was conducted [29]. The investigations were carried out following the rules of the Declaration of
Helsinki of 1975, revised in 2013.
Participants signed a written informed consent. The trial was registered in 2014 at the International
Standard Randomized Controlled Trial (ISRCTN89898870).
2.3. Participants
The inclusion criteria of the participants in the Predimed-Plus study were men between the ages
of 55–75 years and women between 60–75 years, overweight or obese (BMI ≥ 27 and <40 kg/m2), who
had at least three criteria of MetS [31] and did not have cardiovascular disease. A total of 6874 subjects
were recruited and randomized. For the current analysis, we excluded 130 who did not answered
REGICOR questionnaire for PA and 24 participants who did not have available data for BMI at the
time. A total of 6720 participants were included for evaluation in the current study. The data in this
analysis were collected before the intervention.
2.4. HRQoL
The HRQoL was measured with the Spanish version of the SF-36 questionnaire [32,33], validated
for the Spanish population and widely used as an accurate way to measure self-perceived HRQoL.
This questionnaire consisted of 36 items that assessed eight dimensions or scales: physical functioning
(PF), role—physical (RP), bodily pain (BP), general health (GH), vitality (VT), social functioning
(SF), role—emotional (RE) and mental health (MH). These dimensions were grouped into two health
components: the physical component summary (PCS) and the mental component summary (MCS).
Cronbach’s α was used to measure the reliability of the SF-36 scales and found that the values for
the Spanish population aged ≥60 years was higher than the proposed standard of 0.7.
Each item received a numerical score that was encoded, summed up and put on a scale from 0 to
100. The higher the score, the better the quality of life in the analyzed field.
2.5. PA and BMI
PA was measured with a short version of the REGICOR questionnaire, validated for the Spanish
population [34]. It included the type of PA, how often it was done in the past month (number of
days) and the duration of each session, in minutes. The intensity of each PA was measured with
metabolic equivalents (METs), according to the Compendium of Physical Activities [35]. The total
energy expenditure was calculated by multiplying the METs assigned to each activity by the number of
times done per months, minutes per day and divided by 4 weeks/month (METs. min/week) to classify
PA as light, moderate or vigorous.
Weight and height were collected the same way in all the centers, by trained personnel following
a pre-established protocol. BMI was calculated by dividing the weight (Kg) by the squared height (m2).
Lastly, the sample population was categorized into four groups (BMI < 30 kg/m2, between 30 kg/m2
and 32.4 kg/m2, between 32.5 kg/m2 and 34.9 kg/m2 and ≥35 kg/m2).
2.6. Other Covariables
The sociodemographic variables were collected with the general questionnaire administered at
the first visit were sex, age, level of education (primary, secondary and higher education) and marital
status (single, married, divorced/separated and widowed).
Other covariates used for adjusted models were measurements for high blood pressure, smoking
(non-smoker, smoker, ex-smoker), type 2 diabetes, depression, chronic obstructive pulmonary disease
and previous history of cancer.
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2.7. Statistical Analysis
Participants were divided in three categories of PA based on the intensity measured with
the short version of the REGICOR questionnaire: Light PA (<1200 METs–min/week), moderate
(1200–2700 METs–min/week) and vigorous (>2700 METs–min/week).
The BMI variable was categorized in four categories: <30 kg/m2, between 30 kg/m2 and 32.4 kg/m2,
between 32.5 kg/m2 and 34.9 kg/m2 and ≥35 kg/m2.
In the sample description, means and standard deviations for quantitative variables were
calculated, as well as the percentages for qualitative variables, consistent with the defined categories for
PA and BMI. PA levels were compared with age and BMI with ANOVA test and with type 2 diabetes,
depression, blood pressure, history of cancer, history of lung disease, smoking status, marital status
and educational level with a χ2 test.
The mean of each dimension of the SF-36 questionnaire and of the two additional fields in the
three PA categories and BMI were compared with ANOVA models. The differences between groups
were calculated using linear regression models, stratified by sex. Three adjustment models were done
for each scale of the HRQoL questionnaire. The first model was adjusted for age and educational level
(primary, secondary and higher education). In the second PA model, BMI (<30 kg/m2, between 30 kg/m2
and 32.4 kg/m2, between 32.5 kg/m2 and 34.9 kg/m2 and ≥35 kg/m2), smoking habit (non-smoker,
smoker, ex-smoker) and marital status (single, married, divorced/separated, widowed) were included
and, with BMI as a dependent variable, PA (light, moderate and vigorous) was included in the model
as an adjustment variable. Lastly, the third model was adjusted for comorbidities that are associated
with lower HRQoL, high blood pressure (yes/no), type 2 diabetes (yes/no), depression (yes/no), chronic
obstructive pulmonary disease (yes/no) and previous history of cancer (yes/no). Benjamini-Hochberg
Procedure (BH) was used as a correction test.
Linear trends for the association of PA, BMI and HRQoL dimensions were also calculated. For this,
we considered the PA and BMI categories to be a continuous quantitative variable included in the
multivariate adjusted models. The data were analyzed using the available, complete PREDIMED-Plus
database, dated 25/03/2019.
All statistical analyses were done using the StataCorp statistical package. 2015. Stata Statistical
Software: Release 15. College Station, TX, USA: StataCorp LP. We considered a two-tailed value of 0.05
to be the threshold for statistical significance.
3. Results
The descriptive characteristics of the sample in terms of PA levels and BMI are shown in Tables 1
and 2. A decrease in the prevalence in the pathologies studied was seen with increasing intensity of PA.
Conversely, in the BMI categories, the lower the BMI, the lower the prevalence of chronic conditions
such as type 2 diabetes, depression, high blood pressure and a history of lung disease. Furthermore,
the prevalence of pathologies like depression and a history of cancer were higher in women and
a higher percentage of women are smokers and have primary education.
Tables S1 and S2 show the adjusted means of the eight dimensions that make up the HRQoL SF-36
questionnaire in the three PA categories. As shown, the higher the level of PA, the higher the average
scores in HRQoL and, furthermore, all scores were lower in women than in men (Figures 1 and 2).
Using the third adjustment model as a reference, we observed statistically significant differences on all
scales in women (p < 0.001), while in men no differences were found in role—physical (p = 0.1686),
bodily pain (p = 0.4762) and role—emotional (p = 0.0756).
Within the scales that make up the PCS, we observed a difference of ten points in the means
between light activity, (PF 65.14 (95% CI 64.07–66.22) RP 61.73 (95% CI 59.59–63.87)); and vigorous
activity (PF 75.27 (95% CI 74.00–76.54) RP 73.37 (95% CI 70.84–75.91)) in the PF and RP scales in women.
On the BP and GH scales, the difference is eight points. In men, there is a five-point difference between
the levels of PA in the PF and GH scales and a two-point difference in RF and BP scales.
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Table 1. Baseline characteristics of the participants according to baseline PA levels. Light = 0–1200 METs–min/weeks; moderate = 1200–1800 METs–min/week;
vigorous= >2800 METs–min/week. Mean ± SD for age and body mass index (BMI). (%) for type 2 diabetes. depression. blood pressure. history of cancer. history of
lung disease. smoking status. marital status and educational level. PA levels were compared with age and BMI with ANOVA test and with diabetes, depression, blood
pressure, History of cancer, history of lung disease and smoking status. Marital status and educational level with a χ2 test. Significant p values in bold.
PA
Total Men Women
Light Moderate Vigorous p-Value Light Moderate Vigorous p-Value Light Moderate Vigorous p-Value
METs–min/week 0–1200 1200–2800 >2800 0–1200 1200–2800 >2800 0–1200 1200–2800 >2800
N 2217 2206 2297 977 1079 1417 1240 1127 880
Age (y) 64 (5) 65 (5) 65 (5) <0.001 62 (5) 64 (5) 64 (5) <0.001 66 (4) 66 (4) 66(4) 0.356
Body-mass index (kg/m2) 33.2 (3.5) 32.4 (3.3) 32.0 (3.1) <0.001 33.0 (3.3) 32.1 (3.1) 31.9 (3.0) <0.001 33.4 (3.6) 33.7 (3.5) 32.2 (3.3) <0.001
Type 2 Diabetes at baseline (%) 29.4 26.1 26.3 0.048 30.6 28.8 28.5 0.579 28.4 23.5 22.7 0.017
Depression at baseline (%) 23.9 20.8 17.7 <0.001 12.4 13.1 10.9 0.248 32.9 28.1 28.5 0.021
Systolic blood pressure ≥140 mmHg (%) 44.4 47.7 48.6 0.013 46.3 51.5 53.3 0.003 43 44.1 41 0.382
Systolic blood pressure ≥90 mmHg (%) 18.5 18.9 19.1 0.865 24.8 23.9 22.2 0.325 13.6 14.1 14.1 0.907
History of cancer (%) 8.5 7.3 5.8 0.002 4 5.9 4.2 0.068 12.1 8.6 8.4 0.004
History of lung disease (%) 5.2 4.1 4.3 0.157 5.7 4.5 4.7 0.415 4.9 3.7 3.5 0.238
Smoking status (%) <0.001 <0.001 0.002
Current smoker 47.4 44.9 39.9 22.6 19.6 23.1 66.9 69 66.9
Former smoker 37.8 43.4 48.9 56.4 63.8 62.5 23.2 24 27.2
Never smoker 14.8 11.7 11.2 21 16.6 14.5 10 7 5.9
Marital status (%) 0.004 0.150 10 0.234
Married 74.7 75.8 78.9 82.8 84.7 86.5 68.3 67.2 66.8
Single 5.4 5 5.1 5.6 4.3 4 5.2 5.6 7
Divorced 9.1 7.6 7.1 8.7 7.6 6.3 9.4 7.5 8.4
Widowed/widower 10.9 11.7 8.8 2.9 3.4 3.3 17.1 19.7 17.8
Educational level (%) 0.939 0.006 0.468
Primary school or less 49.7 48.9 48.4 35.2 37.5 42 61.1 59.8 58.8
Secondary school 28.6 29.1 29.2 33.9 32.3 32 24.4 26.1 24.7
High school or university 21.7 22 22.4 30.9 30.2 26 14.4 14.1 16.6
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Table 2. Baseline characteristics of the participants according to baseline BMI categories <30 kg/m2; 30–32.4 kg/m2; 32.5–34.9 kg/m2; ≥35 kg/m2. Mean ± SD for age
and METs.min/week. (%) for type 2 diabetes, depression, blood pressure, history of cancer, history of lung disease, smoking status, marital status and educational level.
BMI categories were compared with age and METs.min/week with ANOVA test and with diabetes, depression, blood pressure, history of cancer, history of lung
disease, smoking status, marital status and educational level with a χ2 test. Significant p values in bold.
BMI
Total Men Women
kg/m2 <30 30–32.4 32.5–34.9 >35 p-Value <30 30–32.4 32.5–34.9 ≥35 p-Value <30 30–32.4 32.5–34.9 ≥35 p-Value
N 1.747 1.846 1.517 1.610 959 1.032 780 702 788 814 737 908
























Type 2 diabetes at baseline (%) 26.3 26.1 27.5 29.4 0.116 29.7 27.8 29 30.8 0.192 22.1 23.8 25.9 28.4 0.121
Depression at baseline (%) 17.9 19.9 21.6 24 <0.001 10.5 11.8 13.4 12.7 0.306 26.8 30 30.4 32.7 0.068
Systolic blood pressure ≥140 mmHg (%) 42.9 48.2 46 50.8 <0.001 47.3 50.5 51.4 55.1 0.019 37.4 45.3 40.3 47.4 <0.001
Diastolic blood pressure ≥90 mmHg (%) 15.3 19.1 20.4 20.9 <0.001 19.7 23.6 25.5 26.2 0.006 9.9 13.5 15.1 16.7 0.001
History of cancer (%) 7.6 6.7 7.2 7.5 0.736 6 4.3 5.1 3.1 0.048 9.5 9.7 9.4 10.8 0.749
History of lung disease (%) 4.1 3.9 5 5.2 0.155 4.5 3.9 5.5 6.3 0.106 3.7 3.8 4.5 4.4 0.798
Smoking status (%) <0.001 0.120 <0.001
Current smoker 42.6 40.5 44.7 48.8 23 21.5 20.6 22.2 66.4 64.7 70.2 69.3
Former smoker 42.1 46.8 43.4 41.2 57.5 62.8 63.8 60.9 23.4 26.5 21.9 26
Never smoker 15.3 12.7 11.9 10 19.5 15.7 15.7 16.9 10.2 8.9 7.9 4.8
Marital status (%) 0.078 0.113 0.702
Married 77 77.8 77.5 73.6 84.5 85.1 86.7 83 67.7 68.4 67.8 66.3
Single 5 4.9 4.8 5.9 3.2 5 4.3 6 7.1 4.9 5.4 5.8
Divorced 8.7 7.6 7.3 8.1 8.6 7.2 5.9 7.6 8.7 8.1 8.7 8.5
Widowed/widower 9.5 9.7 10.4 12.6 3.7 2.7 3.1 3.4 16.5 18.6 18.1 19.5
Educational level (%) <0.001 0.259 0.003
Primary school or less 44.1 48.3 51.9 52.4 35.7 38.8 41 40.2 54.3 60.4 63.4 61.9
Secondary school 30.2 29.4 27.9 28.3 33 32.8 32.1 32.6 26.8 25.1 23.5 24.9
High school or
university 25.8 22.3 20.2 19.3 31.4 28.5 26.9 27.2 18.9 14.5 13.2 13.2
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Figure 2. Mean differences and confidence intervals in the HRQoL dimensions according to PA 
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exercise, the higher the HRQoL scores) except in the RE scale in men (p = 0.092). In women there was 
a difference of ten points in all fields except MH, where the difference was nine points. The greatest 
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Figure 2. Mean differences and confidence intervals in the HRQoL dimensions according to PA
cate o ies in the Predimed-Plus trial.
In the MCS component there were significant differences (p < 0.0001) in all scales between the
average scores found in terms of the PA category in women and men (the higher the level of physical
exercis , the higher the HRQoL scores) except in the RE scale in men (p = 0.0 2). In women there was a
difference of ten points in all fields except MH, where the difference was nine points. The greatest
difference i m n w s found in the VT fi ld, where VT was seven points over the PA averag , in SF
and RE, the difference was thr e poi ts and in MH there was a differ nce of four points.
Tables S4 and S5 show the average scores obtained in the eight dimensions of the SF-36
questionnaire in relation to the BMI categories. In the PCS component, the higher the BMI, the lower
the average score of the dimensions in both sexes. All scores were lower in women than in men
(Figures 3 and 4). The fields with a greater difference in both sexes were PF and BP, with a difference of
seven and ten points, respectively.
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Figure 4. Mean differences and confidence intervals in the HRQoL dimensions according to BMI
categories in the Predimed-Plus trial.
In terms of the relationship between MCS and BMI, for women, the higher the degreed of obesity,
the lower the average scores on the VT (p < 0.001) and SF (p = 0.026) scales, while in RE and MH,
no statistically significant differences were observed. In men, the average scores tended to increase
slightly as the BMI increased, except in the vitality field where there was a significant decreased
between the lowest and highest BMI category (p = 0.0001). The greatest change in both sexes was in
the VT field, with a difference of four points in women and three points in men.
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4. Discussion
In our study, there was a significant increase in the scores for women in all dimensions that making
up the HRQoL SF-36 questionnaire when more PA was done. There was also a significant increase for
men in all fields except RP, BP and RE. Regarding the association between HRQoL and BMI, we found an
inversely proportional relationship in the areas that make up PCS in both women and men. Furthermore,
we could observe that this association is also significant in the mental component in women.
This suggests that both PA and obesity/overweight were determinants in HRQoL. We can also
saw that all scores were lower in women than in men, which was consistent with previous published
articles [22,36,37].
Jantunen et al. [38] assessed the association between PA and HRQoL for ten years in a Finnish
cohort, where a statistically significant association was observed between increased PA and improving
the physical component dimension in men and women. A statistically significant association was
also found in women for the mental component dimension, which was similar to our study. Other
research suggested that there were benefits of PA to improve physical and mental state, increase
physical function, reduce anxiety, depression and stress through various mechanisms, like the effect of
endorphins, thermogenic hypothesis or the effect of the immune system through cytokines, among
others [39,40].
As such and in relation to other previous published studies, the same trend occurred with obesity
and HRQoL [41–44]. In the systematic review of reviews conducted by Kolotkin et al. [16], articles
included, that were similar to our study verified that the scores in the physical component field were
lower when the BMI ≥ 25 kg/m2, a relationship make even more evident in higher BMI categories,
like in our subjects. The lowest scored dimensions within the physical component field, for both
men and women, were PF and BP. This may be due to the relationship between obesity and chronic
pain, including generalized joint pain and other musculoskeletal pain, which in turn interferes with
physical functioning. The mechanisms involved are still unclear, however, one of the most accepted
theories is that excess weight exerts mechanical pressure on the joints and intervertebral discs, which
contributes directly and indirectly to pain. Another related factor seems to be sedentary lifestyle;
people with obesity who practice little PA have more lower back pain than people without obesity,
which is consistent with our study [45].
In the study by Fanning et al. [22] compared the effect of weight loss alone or in combination
with aerobic or resistance training in individuals with MetS on HRQoL, although our study is not
comparable since it was a cross-sectional, it was found that there was a significant improvement in
physical domain scores on the SF-12 questionnaire in those individuals who combined weight loss with
either aerobic or resistance training, which leads us to believe that it is the combination of adequate
BMI and PA that will result in the greatest increase in HRQoL.
In terms of the mental field, there was a worsening of HRQoL in women with higher BMI,
specifically in the VT and SF dimensions, but this did not occur in men. One of the reasons could be
the effect that the stigma of obesity has on women compared to men [46].
By contrast, there were several studies in which the participants’ perceived HRQoL did not
change after an intervention with PA. One was a study conducted in Norway were a physical exercise
intervention was carried out for 12 weeks on patients who had hip surgeries [47] and the other was a
12-month exercise program with women over 65 years of age [48]. However, when comparing these
data, we must take into consideration that the participants in our study were otherwise healthy people
with cardiovascular risk factors
On the other hand, it was proven that the type of exercise performed seems to have no influence
on HRQoL [49], which leads us to believe that the simple act of doing PA is what improves HRQoL.
Pozas et al. [50] in their study of the association between MetS and HRQoL involving 229
participants, 118 with MetS and 111 without MetS, found no greater worsening of HRQoL in the total
sample of individuals with MetS compared to the group without MetS. However, when BMI was
analyzed, they found that there was an inverse relationship between BMI and HRQoL in both groups,
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which may lead to believe that it is the degree of BMI that influences HRQoL and not the MetS. On the
other hand, in this same study, unlike ours, it was the men with MetS who obtained significantly worse
scores in the RE dimension.
We can saw that all scores were lower in women than in men. This difference could be explained
by sociodemographic characteristics like income level, level of education and some chronic diseases,
as well as the aforementioned effect that the stigma of high BMI and obesity may exert on some
women [46,51].
This study had some limitations that need to the highlighted. First, it was a cross-sectional study,
meaning that it did not imply causation. Second, also inherent to its design, we cannot exclude the
possible inverse causation, that PA and a normal BMI can improved HRQoL, but also a good HRQoL
can encouraged physical exercise and contributed to obtaining an ideal weight. Third, the result cannot
be extrapolated to other study populations since our analyzes included only elderly Mediterranean
individuals with MetS.
In terms of our study’s strengths, it is important to note that we had a high number of participants
and accurate validity and reproducibility to measure the HRQoL of the SF-36 questionnaire.
5. Conclusions
In conclusion, our results suggest how lack of PA were negatively associated to aggregated
physical and mental dimensions (p < 0.001) and obesity were negatively associated to aggregated
physical dimensions (p < 0.001) that comprise HRQoL. Women suffered the most severe deterioration
compared to men, more five points in all fields of SF-36. Therefore, it is essential to promote PA and
body weight control from the primary care standpoint through consultations to improve HRQoL,
paying special attention to the differences that sex incurs.
Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/17/10/3728/
s1. Table S1: Adjusted means for each of the eight dimensions of HRQoL by baseline categories of PA
(METs–min/week). Table S2: Adjusted means for the two aggregated dimensions of HRQoL by baseline categories
of PA (METs–min/week). Table S3: Adjusted means for each of the eight dimensions of HRQoL by baseline
categories of BMI (kg/m2). Table S4: Adjusted means for the two aggregated dimensions of HRQoL by baseline
categories of BMI (kg/m2).
Author Contributions: Conceptualization, A.M.-D., T.F.-V., J.A.d.P. and V.M.; data curation, A.M.-D., T.F.-V., and
V.M.; formal analysis, A.M.-D., T.F.-V., J.A.d.P., E.T. and V.M.; funding acquisition, M.Á.M.-G., J.S.-S., O.C., J.V. and
J.V.; investigation, M.Á.M.-G., J.S.-S., D.C., O.C., J.A.M., Á.M.A.-G., J.W., J.V., D.R., J.L.-M, R.E., F.J.T., J.L., J.L.S.-M.,
J.A.T., X.P., M.D.-R., P.M.-M, J.V., C.V., L.D., E.R. and V.M.; methodology; A.M.-D., T.F.-V., M.A.M.-G, J.S.-S., D.C.,
O.C., J.A.M., Á.M.A.-G., J.W., J.V., D.R., J.L.-M., R.E., F.J.T., J.L., J.L.S.-M., J.A.T., J.A.d.P., X.P., M.D.-R., P.M.-M., J.V.,
C.V., L.D., E.R. and V.M.; project administration, M.Á.M.-G., J.S.-S, D.C., O.C., J.A.M., Á.M.A.-G., J.W., J.V., D.R.,
J.L.-M., R.E., F.J.T., J.L., J.L.S.-M., J.A.T., X.P., M.D.-R., P.M.-M., J.V., C.V., L.D., E.R. and V.M.; supervision, T.F.-V.
and V.M.; writing—original draft, A.M.-D, T.F.-V. and V.M.; writing—review & editing, M.Á.M.-G., J.S.-S, D.C.,
O.C., J.A.M., A.M.A.-G., J.W., J.V., D.R., J.L.-M., R.E., F.J.T., J.L., J.L.S.-M, L.G.-M., J.A.T., J.A.d.P., X.P., M.D.-R.,
P.M.-M., J.V., C.V., L.D., E.R., N.B., I.M.G.-A., E.T., M.D.Z., M.A.Z., J.V.-L., J.P.-L., A.P.-M., A.M.G.-P., A.G.-R., R.C.,
M.R.B.-L., J.M.S.-L., N.B.-T., C.O.-A., Z.V.-R., K.A.P.-V., I.A., C.S.-S., A.P.-G., I.G.-Z., J.M.-M. and V.M. All authors
have read and agreed to the published version of the manuscript.
Funding: The Predimed-Plus trial was supported by the Spanish government’s official funding agency for
biomedical research, ISCIII, through the Fondo de Investigación para la Salud (FIS), which is co-funded by the
European Regional Development Fund (three coordinated FIS projects led by Jordi Salas-Salvadó and Josep Vidal,
including the following projects: PI13/00673, PI13/00492, PI13/00272, PI13/01123, PI13/00462, PI13/00233, PI13/02184,
PI13/00728, PI13/01090, PI13/01056, PI14/01722, PI14/0147, PI14/00636, PI14/00972, PI14/00618, PI14/00696,
PI14/01206, PI14/01919, PI14/00853, PI14/01374, PI16/00473, PI16/00662, PI16/01873, PI16/01094, PI16/00501,
PI16/00533, PI16/00381, PI16/00366, PI16/01522, PI16/01120, PI17/00764, PI17/01183, PI17/00855, PI17/01347,
PI17/00525, PI17/01827, PI17/00532, PI17/00215, PI17/01441, PI17/00508, PI17/01732, PI17/00926, PI19/00957,
PI19/00386, PI19/00309, PI19/01032, PI19/00576, PI19/00017, PI19/01226, PI19/00781, PI19/01560, PI19/01,332), the
Special Action Project entitled: Implementación y evaluación de una intervención intensiva sobre la actividad
física Cohorte PREDIMED-PLUS grant to Jordi Salas-Salvadó, the European Research Council (Advanced Research
Grant 2013–2018; 340918) grant to Miguel Ángel Martínez-Gonzalez, the Recercaixa grant to Jordi Salas-Salvadó
(2013ACUP00194), grants from the Consejería de Salud de la Junta de Andalucía (PI0458/2013; PS0358/2016;
PI0137/2018), the PROMETEO/2017/017 grant from the Generalitat Valenciana, the SEMERGEN grant and FEDER
funds (CB06/03 and CB12/03), Olga Castaner is funded by the JR17/00,022 grant, ISCIII. Christopher Papandreou is
Int. J. Environ. Res. Public Health 2020, 17, 3728 14 of 19
supported by a postdoctoral fellowship granted by the Autonomous Government of Catalonia (PERIS 2016–2020
Incorporació de Científics i Tecnòlegs, SLT002/0016/00,428). María Rosa Bernal-Lopez was supported by “Miguel
Servet Type I” program (CP15/00028) from the ISCIII-Madrid (Spain), cofinanced by the Fondo Europeo de
Desarrollo Regional-FEDER, Ignacio M.Giménez-Alba is supported by a FPU predoctoral contract (reference
FPU18/01703) from the Ministerio de Ciencia, Innovación y Universidades, Spain.
Conflicts of Interest: The authors declare no conflict of interest.
Steering Committee:
J. Salas-Salvadó (Coordinator), M.A. Martínez-González, M. Fitó. E. Ros, FJ. Tinahones, D. Corella and R. Estruch
Executive Committee:
J. Salas-Salvadó, M.A. Martínez-González, D. Corella, M. Fitó, J. Vioque, D. Romaguera, J.A Martínez, J. Wärnberg,
J. Lopez-Miranda, R. Estruch, A. Bueno-Cavanillas, Á.M. Alonso-Gómez, J.A. Tur, FJ. Tinahones, L. Serra-Majem,
V. Martin, J. Lapetra, C. Vázquez, X. Pinto, J. Vidal, L. Daimiel, M. Delgado-Rodríguez, M.A. Rubio and E. Ros.
Dietary and Lifestyle Intervention Committee::
J. Salas-Salvadó (chair), M.A. Martínez-González, M. Fitó and R. Estruch;
Dietary Intervention:
J. Salas-Salvadó (chair), N. Babio, E. Ros, A. Sánchez-Tainta;
Physical Exercise:
M. Fitó (chair), H. Schröder, A. Marcos, D. Corella, J. Warnberg;
Behavioural support:
R. Estruch (chair), F. Fernández-Aranda, C. Botella and J. Salas-Salvadó.
Clinical Event Ascertainment Committee:
F. Arós (Chair), M. Aldamiz, A. Alonso-Gómez, L. Forga, A. García-Layana, J. Portu, J. Timiraos, A. González-Pinto,
I. Zorrilla, M. Martínez-Kareaga, P. Seoane.
Chair: Dr. Fernando Arós
Cardiology: Dr. Angel Alonso-Gómez; Dr. Fernando Arós
Neurology: Dr. Juan Timiraos
Internal Medicine: Dr. Mikel Aldamiz; Dr. Joseba Portu
Endocrinology: Dr. Lluis Forga
Ophthalmology: Dr. Alfredo García-Layana
Psychiatry: Dr. Ana González Pinto; Dr. Iñaki Zorrilla
Oncology: Dr. Mireia Martínez; Dr. Patricia Seoane
Independent Data and Safety Monitoring Board:
M.J. Stampfer (Harvard School of Public Health), J. Sabate (Loma Linda University), A. Astrup (Copenhagen
University), F. Fernandez-Aviles (Universidad Complutense of Madrid), X. Pi-Sunyer (Columbia University).
Rovira i Virgili University, Department of Biochemistry and Biotechnology, Human Nutrition Unit, University
Hospital of Sant Joan de Reus, Pere Virgili Institute for Health Research, Reus, Spain:
R. Pedret Llaberia, R. Gonzalez, R. Sagarra Álamo, F. París Palleja, J. Balsells, J.M. Roca, T. Basora Gallisa, J.
Vizcaino, P. Llobet Alpizarte, C. Anguera Perpiñá, M. Llauradó Vernet, C. Caballero, M. Garcia Barco, M.D. Morán
Martínez, J. García Rosselló, A. Del Pozo, C. Poblet Calaf, P. Arcelin Zabal, X. Floresví, M. Ciutat Benet, A. Palau
Galindo, J.J. Cabré Vila, F. Dolz Andrés, M. Soler, M. Gracia Vidal, J. Vilalta J. Boj Casajuana, M. Ricard, F. Saiz, A.
Isach, M. Sanchez Marin Martinez, E. Granado Font, C, Lucena Luque, C. Mestres Sola, N. Babio, N. Becerra-Tomás,
G. Mestres, J. Basora, G. Mena-Sánchez, L. Barrubés Piñol, M. Gil Segura, N. Rosique-Esteban, S. Chig, I. Abellán
Cano, V. Ruiz García, C. Gomez-Martinez, L. Lopez-Gonzalez, A. Salas-Huetos, I. Paz-Graniel, J. Roig Vallverdú,
C. Claudia Miñana Garcia, L. Sánchez Niembro, P. Hernandez-Alonso, S. Canudas, A. Díaz-López.
Department of Preventive Medicine and Public Health, University of Navarra-Navarra Institute for Health
Research (IdiSNA), Pamplona, Spain: M. Ruiz-Canela, E. Toledo, P. Buil-Cosiales, Z. Vázquez, C. Razquin,
M. Bes-Rastrollo, A. Gea, A. Sanchez Tainta, B. SanJulian Aranguren, E. Goñi, L. Goñi, M.J. Cobo, A.
Rico-Campa, F.J. Basterra Gortari, A. Garcia Arellano, J. Diez-Espino, O. Lecea-Juarez, J. Carlos Cenoz-Osinaga,
I. Alvarez-Alvarez, M.C. Sayon-Orea, C.I. Fernandez-Lázaro, L. Ruiz-Estigarribia, J. Bartolome-Resano, A.
Sola-Larraza (†), E. Lozano-Oloriz, B. Cano-Valles, S. Eguaras, E. Pascual Roquet-Jalmar, I. Galilea-Zabalza,
H. Lancova, R. Ramallal, M.L. Garcia-Perez, V. Estremera-Urabayen, M.J. Ariz-Arnedo, C. Hijos-Larraz, C.
Fernandez-Alfaro, B. Iñigo-Martinez, R. Villanueva Moreno, S. Martin-Almendros, L. Barandiaran-Bengoetxea, C.
Fuertes-Goñi, A. Lezaun-Indurain, M.J. Guruchaga-Arcelus, O. Olmedo-Cruz, L. Escriche-Erviti, R. Ansorena-Ros,
Int. J. Environ. Res. Public Health 2020, 17, 3728 15 of 19
R. Sanmatin-Zabaleta, J. Apalategi-Lasa, J. Villanueva-Telleria, M.M. Hernández-Espinosa, L. Herrera-Valdez,
L. Dorronsoro-Dorronsoro, Lourdes Echeverria-Lizarraga (†), J.A. Cabeza-Beunza, P. Fernández-Urretavizcaya,
P. Gascó-García, C. Royo-Jimenez, J. Moran-Pí, F. Salazar-Fernández, F.J. Chasco-Ros, F. Cortés-Ugalde, J.J.
Jurio-Burgui, P. Pascual-Pascual, A.I. Rodríguez-Ezpeleta, M. Esparza-Cáceres, C. Arroyo-Azpa, M. Rodríguez-Sanz
de Galdeano, T. Forcen-Alonso, M. Armendariz-Marcotegui, A. Brugos-Larumbe, A. Arillo, B. López-Aisa.
Department of Preventive Medicine, University of Valencia, University Jaume I, Conselleria de Sanitat de
la Generalitat Valenciana, Valencia, Spain: J.I. González, J.V. Sorlí, O. Portolés, R. Fernández-Carrión, C.
Ortega-Azorín, R. Barragán, E.M. Asensio, O. Coltell, R. Martínez-Lacruz, I. GiménezAlba, C. Sáiz, R. Osma, E.
Férriz, I. González-Monje, P. Guillém-Sáiz, F. Giménez-Fernández, L. Quiles, P. Carrasco, A. Carratalá-Calvo,
C. Valero-Barceló, C. Mir, S. Sánchez-Navarro, J. Navas, I. González-Gallego, L. Bort-Llorca, L. Pérez-Ollero, M.
Giner-Valero, R. Monfort-Sáez, J. Nadal-Sayol, V. Pascual-Fuster, M. Martínez-Pérez, C. Riera, M.V. Belda, A.
Medina, E. Miralles, M.J. Ramírez-Esplugues, M. Rojo-Furió, G. Mattingley, M.A. Delgado, M.A. Pages, Y Riofrío,
L. Abuomar, N. Blasco-Lafarga, R. Tosca, L. Lizán, A.M Valcarce, M.D. Medina, S. de Valcárcel, N. Tormo, O.
Felipe-Román, S. Lafuente, E.I. Navío, G. Aldana, J.V. Crespo, J.L. Llosa, L. González-García, R. Raga-Marí.
Cardiovascular Risk and Nutrition Research Group, Endocrinology Service, Neurosciences Programme,
Clinical Research Unit at the Hospital del Mar Medical Research Institute (IMIM), Barcelona. Medicine
Departament, Universitat Autònoma de Barcelona, Barcelona, Spain: M. Fitó, O. Castañer, M.A. Muñoz, M.D.
Zomeño, A. Hernaéz, L. Torres, M. Quifer, R. Llimona, G Freixer, KA. Pérez-Vega, M. Farràs, R. Elosua, J. Vila, I.
Subirana, S. Pérez, A. Goday, J.J. Chillaron Jordan, J.A. Flores Lerroux, D. Benaiges Boix, G. Llauradó, M. Farré, E.
Menoyo, A. Aldea-Perona, M. Pérez-Otero, D. Muñoz-Aguayo, S. Gaixas, G. Blanchart, A. Sanllorente, M. Soria, J.
Valussi, A. Cuenca, L. Forcano, A. Pastor, A. Boronat, S. Tello, M. Cabañero, L. Franco, H. Schröder, R. De la Torre,
C. Medrano, J. Bayó, M.T. García, V. Robledo, P. Babi, E. Canals, N. Soldevila, L. Carrés, C. Roca, M.S. Comas, G.
Gasulla, X. Herraiz, A. Martínez, E. Vinyoles, J.M. Verdú, M. Masague Aguade, E. Baltasar Massip, M. López
Grau, M. Mengual, V. Moldon, M. Vila Vergaz, R. Cabanes Gómez, Ciurana, M. Gili Riu, A. Palomeras Vidal, F
Peñas F, A Raya, M.A. Sebastian, M. Valls, J. Guerrero, M. Marne, E. Minguella, M. Montenegro, A. Sala, M.R.
Senan, N. Talens, N. Vera.
Nutritional Epidemiology Unit, Miguel Hernandez University, ISABIAL-FISABIO, Alicante, Spain: J. Vioque,
M. García-de-la-Hera, E.M. Navarrete-Muñoz, S. Gonzalez-Palacios, L. Torres-Collado, L. Compañ-Gabucio, A.
Oncina-Canovas, L. Notario-Barandiaran, D. Orozco-Beltran, S. Pertusa Martínez, A. Asensio, I. Candela-García,
J.M. Zazo, C. Gisbert Sellés, N. Fernándis-Brufal, J. Román Maciá, C. Sánchez Botella, M. García Muñoz, C. Barceló,
M.C. Altozano-Rodado, N. Iranzo García, M.C. Martínez Vergara, M.A. Sempere Pascual, S.J. Miralles Gisbert, A.
González Botella, C.M. López García, R. Valls Enguix, N. Gómez Bellvert, I. López Aguilera, R. Lloret Macián, A.
Pastor Morell, E. Alonso Bartolomé, J.J. Ballester Baixauli, M.T. Cano Sánchez, B.E. Ayús Rojo, E.P. Cases Pérez, C.
Tercero Maciá, L.A. Mira Castejón, I.A. García García, M. Jordá Ballesta, C. Pastor Polo, E. Puig Agulló
Hospital Son Espases (HUSE) and Institute for Health Research Illes Balears (IdISBa), Palma de Mallorca,
Spain: M. Fiol, M. Moñino, A. Colom, J. Konieczna, M. Morey, R. Zamanillo, A.M. Galmés-Panadés, V. Pereira,
M.A. Martín, A. Yáñez, J. Llobera, J. Ripoll, R. Prieto, F. Grases, A. Costa, C. Fernández-Palomeque, E. Fortuny, M.
Noris, S. Munuera, F. Tomás, F. Fiol, A. Jover, J.M. Janer, C. Vallespir, I. Mattei, N. Feuerbach, M. del Mar Sureda, S.
Vega, L. Quintana, A. Fiol, M. Amador, S. González, J. Coll, A. Moyá, T. Piqué Sistac, M.D. Sanmartín Fernández,
M.C. Piña Valls, M.A. Llorente San Martín, J. Pou Bordoy.
Department of Nutrition, Food Sciences, and Physiology, Center for Nutrition Research, University of
Navarra, Pamplona, Spain: I. Abete, I. Cantero, C. Cristobo, I. Ibero-Baraibar, M. Zulet, J. Ágreda-Peiró,
M.D. Lezáun-Burgui, N. Goñi-Ruiz, R. Bartolomé-Resano, E. Cano-Cáceres, T. Elcarte-López, E. Echarte-Osacain, B.
Pérez-Sanz, I. Blanco-Platero, A. Andueza- Azcárate, A. Gimeno-Aznar, E. Ursúa-Sesma, B. Ojeda-Bilbao,
J. Martinez-Jarauta, L. Ugalde-Sarasa, B. Rípodas-Echarte, M.V. Güeto-Rubio, C. Napal-Lecumberri, MD
Martínez-Mazo, E Arina-Vergara, A. Parra-Osés, F. Artal-Moneva, F. Bárcena-Amigo, F. Calle-Irastoza, J.
Abad-Vicente, J.I. Armendáriz-Artola, P. Iñigo-Cibrian, J. Escribano-Jarauta, J. Ulibarri-delportillo, B. Churio-Beraza,
Y. Monzón-Martínez, E. Madoz-Zubillaga, C. Arroniz.
University of Málaga and Institute of Biomedical Research in Malaga (IBIMA), Málaga, Spain: F.J. Barón-López,
J.C. Fernández García, N. Pérez-Farinós, N. Moreno-Morales, M. del C. Rodríguez-Martínez, J. Pérez-López, J.C.
Benavente-Marín, E. Crespo Oliva, E. Contreras Fernández, F.J. Carmona González, R. Carabaño Moral, S. Torres
Moreno, M.V. Martín Ruíz, M. Alcalá Cornide, V. Fuentes Gómez.
Lipids and Atherosclerosis Unit, Department of Internal Medicine, Maimonides Biomedical Research
Institute of Cordoba (IMIBIC), Reina Sofia University Hospital, University of Cordoba, Cordoba, Spain:
J. López-Miranda, A. Garcia-Rios, J. Criado García, A.I. Jiménez Morales, A. Ortiz Morales, J.D. Torres Peña,
F.J. Gómez Delgado, J.F. Alcalá, A. León Acuña, A.P. Arenas Larriva, F. Rodríguez Cantalejo, J. Caballero
Villaraso, I. Nieto Eugenio, P. Coronado Carvajal, M.C del Campo Molina, P.J. Peña Orihuela, I. Perez Corral, G.
Quintana Navarro.
Department of Internal Medicine, Institut d’Investigacions Biomèdiques August Pi i Sunyer (IDIBAPS),
Hospital Clínic, University of Barcelona, Barcelona, Spain: R. Casas, M. Domenech, C. Viñas, S. Castro-Barquero,
A.M. Ruiz-León, R. Losno, L. Tarés, A. Jordán, R. Soriano, M. Camafort, C. Sierra, E. Sacanella, A. Sala-Vila, J.
M. Cots, I. Sarroca, M. García, N. Bermúdez, A. Pérez, I. Duaso, A. de la Arada, R. Hernández, C. Simón, M.A.
Int. J. Environ. Res. Public Health 2020, 17, 3728 16 of 19
de la Poza, I. Gil, M. Vila, C. Iglesias, N. Assens, M. Amatller, LL. Rams, T. Benet, G. Fernández, J. Teruel, A.
Azorin, M. Cubells, D. López, J.M. Llovet, M.L. Gómez, P. Climente, L. de Paula, J. Soto, C. Carbonell, C. Llor, X.
Abat, A. Cama, M. Fortuny, C. Domingo, A. I. Liberal, T. Martínez, E. Yañez, M. J. Nieto, A. Pérez, E. Lloret, C.
Carrazoni, A. M. Belles, C. Olmos, M. Ramentol, M. J. Capell, R. Casas, I. Giner, A. Muñoz, R. Martín, E. Moron,
A. Bonillo, G. Sánchez, C. Calbó, J. Pous, M. Massip, Y. García, M.C. Massagué, R. Ibañez, J. Llaona, T. Vidal, N.
Vizcay, E. Segura, C. Galindo, M. Moreno, M. Caubet, J. Altirriba, G. Fluxà, P. Toribio, E. Torrent, J. J. Anton, A.
Viaplana, G. Vieytes, N. Duch, A. Pereira, M. A. Moreno, A. Pérez, E. Sant, J. Gené, H. Calvillo, F. Pont, M. Puig, M.
Casasayas, A. Garrich, E. Senar, A. Martínez, I. Boix, E. Sequeira, V. Aragunde, S. Riera, M. Salgado, M. Fuentes, E.
Martín, A. Ubieto, F. Pallarés, C. Sala, A. Abilla, S. Moreno, E. Mayor, T. Colom, A. Gaspar, A. Gómez, L. Palacios,
R. Garrigosa.
Departament of Preventive Medicine and Public Health, University of Granada, Granada, Spain: L. García
Molina, B. Riquelme Gallego, N. Cano Ibañez, A. Maldonado Calvo, A. López Maldonado, E.M. Garrido, A. Baena
Dominguez, F. García Jiménez, E. Thomas Carazo, A. Jesús Turnes González, F. González Jiménez, F. Padilla Ruiz,
J. Machado Santiago, M.D. Martínez Bellón, A. Pueyos Sánchez, L. Arribas Mir, R. Rodríguez Tapioles, F. Dorador
Atienza, L. Baena Camus, C. Osorio Martos, D. Rueda Lozano, M. López Alcázar, F. Ramos Díaz, M. Cruz Rosales
Sierra, P. Alguacil Cubero, A. López Rodriguez, F. Guerrero García, J. Tormo Molina, F. Ruiz Rodríguez.
Bioaraba Health Research Institute, Cardiovascular, Respiratory and Metabolic Area; Osakidetza Basque
Health Service, Araba University Hospital; University of the Basque Country UPV/EHU, Vitoria-Gasteiz,
Spain: I. Salaverria, A. Alonso-Gómez, M.C. Belló, L. Tojal, L. Goicolea, C. Sorto, A Goikoetxea, A. Casi Casanellas,
M.L. Arnal Otero, J. Ortueta Martínez De Arbulo, J. Vinagre Morgado, J. Romeo Ollora, J. Urraca, M.I. Sarriegui
Carrera, F.J. Toribio, E. Magán, A. Rodríguez, S. Castro Madrid, M.T. Gómez Merino, M. Rodríguez Jiménez, M.
Gutiérrez Jodra, B. López Alonso, J. Iturralde Iriso, C. Pascual Romero, A. Izquierdo De La Guerra.
Research Group on Community Nutrition & Oxidative Stress, University of Balearic Islands and Institute for
Health Research Illes Balears (IdISBa), Palma de Mallorca, Spain: M. Abbate, E. Angullo, E. Argelich, M.M.
Bibiloni, C. Bouzas, X. Capó, S. Carreres, L. Gallardo, J.M. Gámez, B. García, C. García, A. Julibert, C. Gómez, I.
Llompart, A. Martorell, C.M. Mascaró, D. Mateos, M, Monserrat, S. Montemayor, A. Pons, A. Pouso, M. Quetglas,
J. Ramos, T. Ripoll, T. Rodríguez, A. Sureda, S. Tejada, L. Ugarriza, P. Vicente.
Virgen de la Victoria Hospital, University of Málaga, Málaga, Spain: M.R. Bernal López, M. Macías González, J.
Ruiz Nava, J.C. Fernández García, A. Muñoz Garach, A. Vilches Pérez, A. González Banderas, A.V. Alarcón-Martín,
M. García Ruiz de Mier, J. Alcaide Torres, A. Vargas Candela, M. León Fernández, R. Hernández Robles, S.
Santamaría Fernández, J.M. Marín.
University of Las Palmas de Gran Canaria, Las Palmas, Spain: J. Álvarez-Pérez, E.M. Díaz Benítez, F.
Díaz-Collado, A. Sánchez-Villegas, J. Pérez-Cabrera, L.T. Casañas-Quintana, R.B. García-Guerra, I. Bautista-Castaño,
C. Ruano-Rodríguez, F. Sarmiento de la Fe, J.A. García-Pastor, B. Macías-Gutiérrez, I. Falcón-Sanabria, C.
Simón-García, A.J. Santana-Santana, J.B.Álvarez-Álvarez, B.V. Díaz-González, J.M. Castillo Anzalas, R.E. Sosa-Also,
J. Medina-Ponce.
Biomedicine Institute (IBIOMED); University of León, and Primary Health Care Management of León (Sacyl),
León, Spain: Biomedicine Institute (IBIOMED); University of León, and Primary Health Care Management
of León (Sacyl), León, Spain: S. Abajo Olea, L. Álvarez-Álvarez, M. Rubín García, A. Torres, P. Farias, N. Cubelos,
A. Adlbi Sibai, M. Ajenjo, E. Carriedo Ule, M. Escobar Fernández, J.I. Ferradal García, J.P. Fernández Vázquez,
C. González Quintana, F. González Rivero, M. Lavinia Popescu, J.I. López Gil, J. López de la Iglesia, A. Marcos
Delgado, C. Merino Acevedo, S. Reguero Celada, M. Rodríguez Bul, E. Fernández Mielgo.
Department of Family Medicine, Distrito Sanitario Atención Primaria Sevilla, Sevilla, Spain: J.M.
Santos-Lozano, L. Miró-Moriano, C. Domínguez-Espinaco, S. Vaquero-Díaz, F.J. García-Corte, A. Santos-Calonge,
C. Toro-Cortés, N. Pelegrina-López, V. Urbano-Fernández, M. Ortega-Calvo, J. Lozano-Rodríguez, I. Rivera-Benítez,
M. Caballero-Valderrama, P. Iglesias-Bonilla, P. Román-Torres, Y. Corchado-Albalat, L. Mellado-Martín.
Department of Endocrinology and Nutrition, Hospital Fundación Jimenez Díaz. Instituto de Investigaciones
Biomédicas IISFJD. University Autonoma, Madrid, Spain: A.I. de Cos, S. Gutierrez, S. Artola, A. Galdon,
I. Gonzalo.Lipids and Vascular Risk Unit, Internal Medicine, University Hospital of Bellvitge- IDIBELL, Hospitalet
de Llobregat, Barcelona, Spain: X. Pintó, A. Galera, M. Gimenez-Gracia, E. de la Cruz, R. Figueras, M. Poch, R.
Freixedas, F. Trias, I. Sarasa, M. Fanlo-Maresma, H. Lafuente, M. Liceran, A. Rodriguez-Sanchez, C. Pallarols, E.
Gómez-Sanchez, V. Esteve-Luque, J. Monedero, X. Corbella, E. Corbella.
Department of Endocrinology, IDIBAPS, Hospital Clinic, University of Barcelona, Barcelona, Spain: A. Altés,
I. Vinagre, C. Mestre, J. Viaplana, M. Serra, J. Vera, T. Freitas, E. Ortega, I. Pla, R. Olbeyra.
Nutritional Control of the Epigenome Group. Precision Nutrition and Obesity Program, Institute
IMDEA-Food, CEI UAM+CSIC, Madrid, Spain: J.M. Ordovás, V. Micó, L. Berninches, L. Díez, M.J. Concejo, J.
Muñoz, M. Adrián, Y. de la Fuente, C. Albertos, M.L. Cornejo, C. Cuesta. A. Montero., J. Aroca
Division of Preventive Medicine, University of Jaén, Jaén, Spain: J.J. Gaforio, S. Moraleda, N. Liétor, J.I. Peis, T.
Ureña, M. Rueda, M.I. Ballesta.
Int. J. Environ. Res. Public Health 2020, 17, 3728 17 of 19
Department of Endocrinology and Nutrition, Hospital Clínico San Carlos, Instituto de Investigación Sanitaria
del Hospital Clínico San Carlos (IdISSC), Madrid, España (Spain para internacionales): C. Moreno Lopera, C.
Aragoneses Isabel, M.A. Sirur Flores, M. Ceballos de Diego, T. Bescos Cáceres, Y. Peña Cereceda, M. Martínez
Abad, R. Cabrera Vélez, M. González Cerrajero, M.A. Rubio Herrera, M. Torrego Ellacuría, A. Barabash Bustelo,
M. Ortiz Ramos, A. Larrad Sainz.
Department of Basic and Clinical Psychology and Psychobiology, University Jaume I, Castellón de la Plana,
Spain: R. Baños, A. García-Palacios.
Oxidative Pathology Unit. Department of Biochemistry and Molecular Biology, School of Medicine-INCLIVA,
Service of Clinical Analyses, University Hospital Doctor Peset, Valencia, Spain. University of Valencia,
Valencia Spain: G. Sáez Tormo (Sáez GT), N. Estañ-Capell, A. Iradi Casal, L. Monzó Beltrán, C. Bañuls Morant,
E. Alonso Iglesias, D. Acevedo León, A. Hernando Espinilla, A. Mora Herranz, S. Alcover Sáez, J. A. Sánchez
Herrero, J. Ventura Gayete, JM. López Ortega, ML Santaolaria Ayora, A. Carbonell Moncho, S. Mayo de Andrés.
Department of Preventive Medicine, University of Malaga, Malaga, Spain: J. Fernández-Crehuet Navajas, M.
Gutiérrez Bedmar, A. García Rodriguez, A. Mariscal Larrubia, M. Carnero Varo, C. Muñoz Bravo.
Department of Psychiatry, University Hospital of Bellvitge, Barcelona, Spain: F. Fernández-Aranda, S.
Jiménez-Murcia, N. Mallorqui-Bagué, R. Granero, Z. Agüera, M. Lozano-Madrid.
References
1. Bray, G.A.; Kim, K.K.; Wilding, J.P.H. Obesity: A chronic relapsing progressive disease process. A position
statement of the World Obesity Federation. Obes. Rev. 2017, 18, 715–723. [CrossRef]
2. Global Obesity Observatory. Available online: https://www.worldobesitydata.org/country-profiles/ (accessed
on 4 February 2020).
3. WHO. Obesity: Preventing and Managing the Global Epidemic; WHO: Geneva, Switzerland, 2015.
4. Catenacci, V.A.; Hill, J.O.; Wyatt, H.R. The obesity epidemic. Clin. Chest Med. 2009, 30, 415–444. [CrossRef]
5. Bentham, J.; Di Cesare, M.; Bilano, V.; Bixby, H.; Zhou, B.; Stevens, G.A.; Riley, L.M.; Taddei, C.;
Hajifathalian, K.; Lu, Y.; et al. Worldwide trends in body-mass index, underweight, overweight, and
obesity from 1975 to 2016: A pooled analysis of 2416 population-based measurement studies in 128·9 million
children, adolescents, and adults. Lancet 2017, 390, 2627–2642.
6. Berrington de Gonzalez, A.; Hartge, P.; Cerhan, J.R.; Flint, A.J.; Hannan, L.; MacInnis, R.J.; Moore, S.C.;
Tobias, G.S.; Anton-Culver, H.; Freeman, L.B.; et al. Body-Mass Index and Mortality among 1.46 Million
White Adults. N. Engl. J. Med. 2010, 363, 2211–2219. [CrossRef]
7. Cerhan, J.R.; Moore, S.C.; Jacobs, E.J.; Kitahara, C.M.; Rosenberg, P.S.; Adami, H.-O.; Ebbert, J.O.; English, D.R.;
Gapstur, S.M.; Giles, G.G.; et al. A pooled analysis of waist circumference and mortality in 650,000 adults.
Mayo Clin. Proc. 2014, 89, 335–345. [CrossRef]
8. DeFronzo, R.A.; Ferrannini, E.; Groop, L.; Henry, R.R.; Herman, W.H.; Holst, J.J.; Hu, F.B.; Kahn, C.R.; Raz, I.;
Shulman, G.I.; et al. Type 2 diabetes mellitus. Nat. Rev. Dis. Prim. 2015, 1, 15019. [CrossRef]
9. Seravalle, G.; Grassi, G. Obesity and hypertension. Pharmacol. Res. 2017, 122, 1–7. [CrossRef]
10. Garcia-Estevez, L.; Moreno-Bueno, G. Updating the role of obesity and cholesterol in breast cancer. Breast
Cancer Res. 2019, 21, 35. [CrossRef]
11. Puhl, R.; Suh, Y. Health Consequences of Weight Stigma: Implications for Obesity Prevention and Treatment.
Curr. Obes. Rep. 2015, 4, 182–190. [CrossRef]
12. Gill, S.V.; Hicks, G.E.; Zhang, Y.; Niu, J.; Apovian, C.M.; White, D.K. The association of waist circumference
with walking difficulty among adults with or at risk of knee osteoarthritis: The Osteoarthritis Initiative.
Osteoarthr. Cartil. 2017, 25, 60–66. [CrossRef]
13. Gill, S.V.; Walsh, M.K.; Pratt, J.A.; Toosizadeh, N.; Najafi, B.; Travison, T.G. Changes in spatiotemporal gait
patterns during flat ground walking and obstacle crossing 1 year after bariatric surgery. Surg. Obes. Relat. Dis.
2016, 12, 1080–1085. [CrossRef] [PubMed]
14. Huang, H.; Yan, Z.; Chen, Y.; Liu, F. A social contagious model of the obesity epidemic. Sci. Rep. 2016, 6,
37961. [CrossRef] [PubMed]
15. Encuesta Europea de Salud 2014. Instituto Nacional de Estadística. Gobierno De España. Número De Días
Por Semana De Ejercicio Físico Durante El Tiempo De Ocio Según Sexo y Grupo De Edad. Población De 15 y Más
Años. Available online: https://www.ine.es/jaxi/Tabla.htm?path=/t15/p420/a2014/p06/l0/&file=04022.px&L=0
(accessed on 3 March 2020).
Int. J. Environ. Res. Public Health 2020, 17, 3728 18 of 19
16. Kolotkin, R.L.; Andersen, J.R. A systematic review of reviews: Exploring the relationship between obesity,
weight loss and health-related quality of life. Clin. Obes. 2017, 7, 273–289. [CrossRef]
17. Gillison, F.B.; Skevington, S.M.; Sato, A.; Standage, M.; Evangelidou, S. The effects of exercise interventions
on quality of life in clinical and healthy populations; a meta-analysis. Soc. Sci. Med. 2009, 68, 1700–1710.
[CrossRef] [PubMed]
18. The WHOQOL Group. The World Health Organization quality of life assessment (WHOQOL): Position
paper from the World Health Organization. Soc. Sci. Med. 1995, 41, 1403–1409. [CrossRef]
19. Suárez, C.; Calvo, D.; María, C.; Sampedro, G. Health related to quality of life and their relationship with
adherence to the mediterranean diet and physical activity at the university in Galicia. Nutr. Clín. Diet. Hosp.
2017, 37, 42–49.
20. Piercy, K.L.; Troiano, R.P.; Ballard, R.M.; Carlson, S.A.; Fulton, J.E.; Galuska, D.A.; George, S.M.; Olson, R.D.
The physical activity guidelines for Americans. J. Am. Med. Assoc. 2018, 320, 2020–2028. [CrossRef]
21. Galilea-Zabalza, I.; Buil-Cosiales, P.; Salas-Salvadó, J.; Toledo, E.; Ortega-Azorín, C.; Díez-Espino, J.;
Vázquez-Ruiz, Z.; Zomeño, M.D.; Vioque, J.; Martínez, J.A.; et al. Mediterranean diet and quality of life:
Baseline cross-sectional analysis of the PREDIMED-PLUS trial. PLoS ONE 2018, 13, e0198974. [CrossRef]
22. Fanning, J.; Walkup, M.P.; Ambrosius, W.T.; Brawley, L.R.; Ip, E.H.; Marsh, A.P.; Rejeski, W.J. Change in
health-related quality of life and social cognitive outcomes in obese, older adults in a randomized controlled
weight loss trial: Does physical activity behavior matter? J. Behav. Med. 2018, 41, 299–308. [CrossRef]
23. Ryu, M.; Lee, S.; Kim, H.; Baek, W.-C.; Kimm, H. Effect of Aerobic Physical Activity on Health-Related Quality
of Life in Middle Aged Women with Osteoarthritis: Korea National Health and Nutrition Examination
Survey (2016–2017). Int. J. Environ. Res. Public Health 2020, 17, 527. [CrossRef]
24. Daimiel, L.; Martínez-González, M.A.; Corella, D.; Salas-Salvadó, J.; Schröder, H.; Vioque, J.; Romaguera, D.;
Martínez, J.A.; Wärnberg, J.; Lopez-Miranda, J.; et al. Physical fitness and physical activity association with
cognitive function and quality of life: Baseline cross-sectional analysis of the PREDIMED-Plus trial. Sci. Rep.
2020, 10, 1–12. [CrossRef] [PubMed]
25. Saboya, P.P.; Bodanese, L.C.; Zimmermann, P.R.; da Silva Gustavo, A.; Assumpção, C.M.; Londero, F.
Síndrome metabólica e qualidade de vida: Uma revisão sistemática. Rev. Lat. Am. Enferm. 2016, 24, 1–8.
26. Heistaro, S.; Jousilahti, P.; Lahelma, E.; Vartiainen, E.; Puska, P. Self rated health and mortality: A long term
prospective study in eastern Finland. J. Epidemiol. Community Health 2001, 55, 227–232. [CrossRef] [PubMed]
27. Slagter, S.N.; van Vliet-Ostaptchouk, J.V.; van Beek, A.P.; Keers, J.C.; Lutgers, H.L.; van der Klauw, M.M.;
Wolffenbuttel, B.H.R. Health-Related Quality of Life in Relation to Obesity Grade, Type 2 Diabetes, Metabolic
Syndrome and Inflammation. PLoS ONE 2015, 10, e0140599. [CrossRef]
28. Estudio Predimed-Plus. Available online: https://www.predimedplus.com/ (accessed on 24 May 2019).
29. Martínez-González, M.A.; Buil-Cosiales, P.; Corella, D.; Bulló, M.; Fitó, M.; Vioque, J.; Romaguera, D.;
Martínez, J.A.; Wärnberg, J.; López-Miranda, J.; et al. Cohort Profile: Design and methods of the
PREDIMED-Plus randomized trial. Int. J. Epidemiol. 2019, 48, 387–388. [CrossRef]
30. Salas-Salvadó, J.; Díaz-López, A.; Ruiz-Canela, M.; Basora, J.; Fitó, M.; Corella, D.; Serra-Majem, L.;
Wärnberg, J.; Romaguera, D.; Estruch, R.; et al. Effect of a Lifestyle Intervention Program With
Energy-Restricted Mediterranean Diet and Exercise on Weight Loss and Cardiovascular Risk Factors:
One-Year Results of the PREDIMED-Plus Trial. Diabetes Care 2019, 42, 777–788. [CrossRef]
31. Alberti, K.G.M.M.; Eckel, R.H.; Grundy, S.M.; Zimmet, P.Z.; Cleeman, J.I.; Donato, K.A.; Fruchart, J.C.;
James, W.P.T.; Loria, C.M.; Smith, S.C. Harmonizing the metabolic syndrome: A joint interim statement of
the international diabetes federation task force on epidemiology and prevention; National heart, lung, and
blood institute; American heart association; World heart federation; International atherosclerosis society;
And international association for the study of obesity. Circulation 2009, 120, 1640–1645.
32. Vilagut, G.; Ferrer, M.; Rajmil, L.; Rebollo, P.; Permanyer-Miralda, G.; Quintana, J.M.; Santed, R.; Valderas, J.M.;
Ribera, A.; Domingo-Salvany, A.; et al. The Spanish version of the Short Form 36 Health Survey: A decade of
experience and new developments. Gac. Sanit. 2005, 19, 135–150. [CrossRef]
33. Alonso, J.; Regidor, E.; Barrio, G.; Prieto, L.; Rodríguez, C.; de la Fuente, L. Population reference values of the
Spanish version of the Health Questionnaire SF-36. Med. Clin. 1998, 111, 410–416.
34. Molina, L.; Sarmiento, M.; Peñafiel, J.; Donaire, D.; Garcia-Aymerich, J.; Gomez, M.; Ble, M.; Ruiz, S.;
Frances, A.; Schröder, H.; et al. Validation of the Regicor Short Physical Activity Questionnaire for the Adult
Population. PLoS ONE 2017, 12, e0168148. [CrossRef]
Int. J. Environ. Res. Public Health 2020, 17, 3728 19 of 19
35. Ainsworth, B.E.; Haskell, W.L.; Whitt, M.C.; Irwin, M.L.; Swartz, A.M.; Strath, S.J.; O’Brien, W.L.; Bassett, J.;
Schmitz, K.H.; Emplaincourt, P.O.; et al. Compendium of physical activities: An update of activity codes
and MET intensities. Med. Sci. Sports Exerc. 2000, 32, S498–S516. [CrossRef] [PubMed]
36. Lopez-Garcia, E.; Guallar-Castillón, P.; Garcia-Esquinas, E.; Rodríguez-Artalejo, F. Metabolically healthy
obesity and health-related quality of life: A prospective cohort study. Clin. Nutr. 2017, 36, 853–860. [CrossRef]
[PubMed]
37. Pengpid, S.; Peltzer, K. High sedentary behaviour and low physical activity are associated with lower health
related quality of life in Myanmar and Vietnam. Cogent Psychol. 2019, 6, 1601327. [CrossRef]
38. Jantunen, H.; Wasenius, N.; Salonen, M.K.; Kautiainen, H.; von Bonsdorff, M.B.; Kajantie, E.; Eriksson, J.G.
Change in physical activity and health-related quality of life in old age—A 10-year follow-up study. Scand. J.
Med. Sci. Sports 2019, 29, 1797–1804. [CrossRef] [PubMed]
39. Mikkelsen, K.; Stojanovska, L.; Polenakovic, M.; Bosevski, M.; Apostolopoulos, V. Exercise and mental health.
Maturitas 2017, 106, 48–56. [CrossRef]
40. Alsufiany, M.B.; Lohman, E.B.; Daher, N.S.; Gang, G.R.; Shallan, A.I.; Jaber, H.M. Non-specific chronic low
back pain and physical activity. Medicine 2020, 99, e18544. [CrossRef]
41. Jahangiry, L.; Montazeri, A.; Najafi, M.; Yaseri, M.; Farhangi, M.A. An interactive web-based intervention on
nutritional status, physical activity and health-related quality of life in patient with metabolic syndrome:
A randomized-controlled trial (The Red Ruby Study). Nutr. Diabetes 2017, 7, e240. [CrossRef]
42. Busutil, R.; Espallardo, O.; Torres, A.; Martínez-Galdeano, L.; Zozaya, N.; Hidalgo-Vega, Á. The impact of
obesity on health-related quality of life in Spain. Health Qual. Life Outcomes 2017, 15, 197. [CrossRef]
43. Barcones-Molero, M.F.; Sánchez-Villegas, A.; Martínez-González, M.A.; Bes-Rastrollo, M.; Martínez-
Urbistondo, M.; Santabárbara, J.; Martínez, J.A. The influence of obesity and weight gain on quality
of life according to the SF-36 for individuals of the dynamic follow-up cohort of the University of Navarra.
Rev. Clínica Española 2018, 218, 408–416. [CrossRef]
44. Sayón-Orea, C.; Santiago, S.; Bes-Rastrollo, M.; Martínez-González, M.; Pastor, M.; Moreno-Aliaga, M.; Tur, J.;
Garcia, A.; Martínez, J. Determinants of Self-Rated Health Perception in a Sample of a Physically Active
Population: PLENUFAR VI Study. Int. J. Environ. Res. Public Health 2018, 15, 2104. [CrossRef]
45. Chin, S.H.; Huang, W.L.; Akter, S.; Binks, M. Obesity and pain: A systematic review. Int. J. Obes. 2019, 44,
969–979. [CrossRef] [PubMed]
46. Tronieri, J.S.; Wurst, C.M.C.; Pearl, R.L.; Allison, K.C. Sex Differences in Obesity and Mental Health.
Curr. Psychiatry Rep. 2017, 19, 29. [CrossRef] [PubMed]
47. Sylliaas, H.; Brovold, T.; Wyller, T.B.; Bergland, A. Prolonged strength training in older patients after hip
fracture: A randomised controlled trial. Age Ageing 2012, 41, 206–212. [CrossRef] [PubMed]
48. Karinkanta, S.; Nupponen, R.; Heinonen, A.; Pasanen, M.; Sievänen, H.; Uusi-Rasi, K.; Fogelholm, M.;
Kannus, P. Effects of exercise on health-related quality of life and fear of falling in home-dwelling older
women. J. Aging Phys. Act. 2012, 20, 198–214. [CrossRef] [PubMed]
49. Awick, E.A.; Wójcicki, T.R.; Olson, E.A.; Fanning, J.; Chung, H.D.; Zuniga, K.; Mackenzie, M.; Kramer, A.F.;
McAuley, E. Differential exercise effects on quality of life and health-related quality of life in older adults:
A randomized controlled trial. Qual. Life Res. 2015, 24, 455–462. [CrossRef]
50. Pozas Saboya, P.; Bodanese, L.C.; Zimmermann, P.R.; da Silva Gustavo, A.; Macagnan, F.E.; Pandolfo
Feoli, A.M.; da Silva Oliveira, M.; Lourega Chieza, F. Association between metabolic syndrome and quality
of life. Sci. Med. 2016, 26, 3. [CrossRef]
51. Hajian-Tilaki, K.; Heidari, B.; Hajian-Tilaki, A. Are gender differences in health-related quality of life
attributable to sociodemographic characteristics and chronic disease conditions in elderly people? Int. J.
Prev. Med. 2017, 8, 95.
© 2020 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).
